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Acute phase protein concentrations in serum
and milk from healthy cows, cows with
clinical mastitis and cows with
extramammary inflammatory conditions
B. H. NIELSEN, S. JACOBSEN, R H. ANDERSEN, T. A. NIEWOLD, P. M. H. HEEGAARD
The concentrations of the two acute phase proteins, serum amyloid A and haptoglobin, in serum and milk
were compared in 10 cows with clinical mastitis, 11 cows with extramammary inflammatory conditions and
10 clinically healthy control cows. The concentrations of both acute phase proteins were higher in the serum
and milk of the cows with mastitis than in the cows in the other two groups. Four of the cows with
extramammary inflammatory conditions had serum amyloid A concentrations in serum above 100 pg/ml,but negligible concentrations in milk, indicating that a pathogen must be present in the mammary gland for
serum amyloid A to accumulate in milk. The acute phase protein concentrations in milk increased
significantly with increasing somatic cell count, suggesting that they may be indicators of the severity of an
infection.
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MASTITIS is the most costly disease affecting the dairy indus-
try (Radostits and others 1994). Its rapid and accurate diag-
nosis is crucial because it optimises the effect oftreatment and
minimises the recovery time, thereby reducing production
losses and improving the animals' welfare. The diagnosis of
mastitis is based predominantly on a clinical examination,
measurements of somatic cell count and the cultivation of
pathogens from the milk, but the demand for objective and
rapidly assessable markers of udder health has increased with
the introduction of robotic milking systems. The acute phase
proteins have recently been suggested as such indicators of
inflammation in the mammary gland (Hirvonen and others
1999a, Eckersall and others 2001).
The acute phase response refers to a group of non-specific
host responses to a wide variety of stimuli and it is charac-
terised by changes in the concentrations of a number of
hepatically synthesised plasma proteins - the so-called acute
phase proteins (Baumann and Gauldie 1994). Serum amyloid
A and haptoglobin are the two major acute phase proteins in
cattle. They are potentially useful as disease markers owing to
their low concentration in normal animals, the rapid increase
in their concentration during the acute phase of inflamma-
tion and their rapid decrease with the resolution of the dis-
ease (Gruys and others 1994, Eckersall 2000).
The concentrations of these two acute phase proteins in
bovine serum increase during either spontaneous or induced
mastitis (Conner and others 1986, Hirvonen and others
1996, Salonen and others 1996). Eckersall and others (2001)
were the first to demonstrate significant increases in their
concentrations in the milk of cows with clinical mastitis.
Their results suggested that serum amyloid A was produced
locally in the mammary gland, potentially making it an early,
specific marker of mastitis, which might prove more sensi-
tive than a bacteriological examination and less influenced
by the physiological stage of the cow than the somatic cell
count or the electrical conductivity of the milk (Sheldrake
and others 1983, Biggadike and others 2002). However, it is
still not known whether inflammatory processes occurring
outside the mammary gland influence its concentration in
milk.
The aim of this study was to examine the relationships
between the concentrations of the acute phase proteins in the
serum and milk ofcows with clinical mastitis, cows with mis-
cellaneous inflammatory disorders other than mastitis, and
clinically healthy cows.
MATERIALS AND METHODS
Animals
Samples were collected from 31 Danish red dairy cows from
a commercial dairy farm with 260 cows. The cows were lac-
tating, primi- and multiparous, and had calved more than 10
days previously. They were selected on the basis of a general
clinical examination and examinations of the udder and milk
samples; there were 10 cows with mastitis but free from any
other clinical signs of inflammation, 11 cows with extra-
mammary inflammatory disorders and 10 healthy control
cows with no clinical signs of inflammation.
Samples
Blood samples were taken from a jugular vein into a vacu-
tainer (PrecisionGlide; Becton Dickinson), left to clot for 18
to 20 hours and then centrifuged at 2500 g for 15 minutes;
serum was separated and stored at -18°C until analysed for
serum amyloid A and haptoglobin.
Milk samples were collected in sterile plastic vials. The sur-
face of the teat end was disinfected by wiping it with clean cot-
ton dipped in 95 per cent alcohol. Forestrips were milked out
and then 5 to 10 ml were milked into the vial, which was held
almost horizontally to avoid bacterial contamination; the
samples were taken within three hours of milking. From
the cows with mastitis, the milk samples were taken from a
quarter with clinical signs of mastitis (quarter 1) and from the
diagonally opposed quarter (quarter 2); from the other two
groups the milk samples were taken from two diagonally
opposed quarters, which were both free from signs of clinical
mastitis.
The milk samples were examined by bacteriological cul-
tivation, using standard methods, at a commercial laboratory.
The somatic cell counts were assessed semiquantitatively by
the California mastitis test (CMT) (Kruuse) according to the
manufacturer's instructions. CMT values of 1 and 2, corre-
sponding to a somatic cell count of less than 300,000, were
accepted in the cows with extramammary inflammatory con-
ditions and in the control cows. Samples of whole milk were
stored at -I 80C until they were analysed for serum amyloidA
and haptoglobin.
Serum amyloid A assay
The concentrations of serum amyloid A were determined
with a commercially available ELISA (Phase Range Serum
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Amyloid A Assay; Tridelta), first described by
others (1991), performed according to the
instructions. The serum and milk sample
diluted 1:500 and 1:50, respectively, and <
including the standards, were tested in duj
with an optical density outside the range
curve were diluted further and re-analysed.
dilution was 1:5000 for the serum samples ar
milk samples, and as the standard curve ma
ng/ml the maximum serum concentratioi
determined was 1500 [ig/ml. The optical der
on an automatic plate reader (model 550; Bio
with a reference at 595 nm.
Haptoglobin assay
The concentration of haptoglobin in the serum and milk
------ samples was determined by a sandwich ELISA (Godson and
Clinically others 1996) as described by Heegaard and others (2000),
healthy using a pool of bovine serum as standard. The standard was
calibrated against a standard serum obtained from EU
Concerted Action on standardisation of animal acute phase
proteins (QLK5-CT-1999-01532). The lower detection limit of the
assay, as defined by the linear range of the standard curve, was
0-05 pg/ml. The serum samples were tested in serial dilutions
of 1:100, 1:300 and 1:900, and the milk samples in serial
dilutions of 1:10, 1:30 and 1:90, resulting in a lower limit of
detection of 50 [ig/ml for serum and 0.5 [Lg/ml for milk.
Statistics
All the statistical analyses were carried out in GraphPad
Prism, version 3.02.
* To obtain equal variances in the three groups the serum
amyloid A data were transformed logarithmically before a
healthy one-way analysis of variance was used to compare its con-
centrations in the three groups and to compare data from
cows with different CMT scores. Even after transformation, the
haptoglobin data were not normally distributed, and median
values and the non-parametric Kruskal-Wallis test were there-
fore used to compare its concentrations in the three groups
and in cows with different CMT scores.
The correlation between the concentrations of serum
amyloid A in serum and milk was tested by linear regression
and a 95 per cent confidence interval constructed. The
assumptions were checked by residual plots and tested for
normality.
RESULTS
Clinically
healthy Clinical examination
The 10 cows with clinical signs of mastitis had changes in the
in (a) serum, texture, secretions and/or local skin colour and temperature
nmary of the affected quarters, increased electrical conductivity of
I bars show the milk and CMT values over 2. The 11 cows with clinical
signs of extramammary inflammatory disease suffered from
interdigital phlegmon, purulent metritis and/or periarthritis/
bursitis, but there were no abnormalities in the udder on
inspection or palpation and no abnormalities in the milk.
McDonald and None of the 10 control cows showed any clinical signs of
manufacturer's inflammatory disease and none had abnormalities in the
s were initially udder on inspection or palpation, or abnormalities in the
all the samples, milk.
plicate. Samples
of the standard Bacteriological examination of milk samples
The maximum In total, 62 milk samples were examined bacteriologically; two
id 1:2000 for the samples were excluded because they were contaminated and
tximum was 300 one was lost during transportation, making the final number
n that could be 59. The following pathogens were identified in the milk sam-
nsities were read ples from the cows with mastitis: Streptococcus uberis, Strepto-
i-Rad) at 450 nm coccus dysgalactiae, Escherichia coli, yeasts and enterococci/
Streptococcus lactis/Streptococcusfaecalis. One cow had bacterio-
The Veterinary Record, March 20, 2004
PAPERS & ARTICLES
(a)2000 -
1500 -
C- 100 -
4:
50)
500-
I -.
I
MEMO
.
a
....-m
an
M-. M---m
a
362
PAPERS & ARTICLES
(a)
150
E 100 -
-I
! 50-
0 -
(b)
1000 -
750 -
FIG 2: Milk (a) serum
amyloid A (SAA) and
(b) haptoglobin (Hp)
concentrations in the
five Califomia Mastitis
test (CMT) score groups;
the horizontal bars
show the mean values
in (a) and the median
value in (b)
E
a 500 -
I
250 -
(a)
2000 -
E
a, 1000 -
I.I
-Nj-
. - %M; *. a .
1 2 3
CMT score
0-
4 5 (b)
1000 -
750 -
=. 500-
250 -
.
Mastitis Other inflammatory
conditions
Mastitis
1 2 3
CMT score
* (c)
5 1000-4
logically positive samples from both quarters, one had sterile
samples from both quarters and seven cows had positive sam-
ples from one quarter only. One quarter 1 sample was lost and
the quarter 2 sample from this cow was sterile.
Ofthe 21 cows in the other two groups, 13 had sterile sam-
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quarters, four had a positive sample from one quarter, and
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Concentrations of serum amyloid A
in serum and milk
The concentrations of serum amyloid A in both serum and
milk were significantly different between the three groups
(P<0-05 for serum, P<0-01 for quarter 1 and P<0*05 for quar-
ter 2), with the mastitis group having the highest concentra-
tions (Table 1, Fig 1). Linear regression analysis revealed that
there was no correlation between its concentrations in serum
and milk in any of the three groups.
Four of the 11 cows with extramammary inflammatory
conditions had serum amyloid A concentrations above 100
,ug/ml (range 139.0 to 519-6 [tg/ml), but milk samples from
them contained only minute amounts, with means of 3-3 and
11
-Iug/ml for quarters 1 and 2, respectively.
The concentration of serum amyloid A in milk increased
significantly (P<0.02) with increasing CMT score (Fig 2).
Concentrations of haptglobin in serum and milk
The concentrations of haptoglobin in both serum and milk
were significantly different between the three groups (P<0.02
for serum, P<0-01 for quarter 1 and P<0-05 for quarter 2)
with the mastitis group having the highest concentrations
(Table 1, Fig 3).
FIG 3: Haptoglobin (Hp) concentrations in (a) serum, (b) milk
from quarter 1 and (c) milk from quarter 2 from cows
suffering from mastitis, cows with extramammary
inflammation and healthy cows; the horizontal bars show
the median values
Only two of the 11 cows with extramammary inflamma-
tory disorders had serum haptoglobin concentrations above
the detection limit (one cow with endometritis and one with
an interdigital phlegmon) (Table 1, Fig 3).
Linear regression analysis showed that there was a signif-
icant correlation between the concentrations of haptoglobin
in the serum and the milk (quarter 1) of the cows with
mastitis (P<0*05, r2=0-41).
The concentration of haptoglobin in milk increased
significantly (P<0.01) with increasing CMT score (Fig 2).
DISCUSSION
The acute phase proteins are non-specific markers of inflam-
mation, the serum concentrations of which increase in
response to several infections and inflammatory conditions.
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For them to be useful as specific indicators of mastitis it is
therefore essential that they accumulate in milk only during
episodes ofmammary inflammation. The results of this study
show that the concentrations of serum amyloid A and hap-
toglobin were higher in milk from infected quarters and that
extramammary inflammatory processes that induced
increases in the serum concentration of serum amyloid A
were not accompanied by increases in its concentration in
milk. An intramammary inflammatory stimulus thus seems
to be required for the concentration of serum amyloid A in
milk to increase. Whether the same is true for haptoglobin
could not be assessed, because only one of the 11 cows with
an extramammary inflammation had an increased serum
concentration of haptoglobin. This was a surprising finding,
because previous studies have observed increases in the con-
centration of haptoglobin in serum in a variety of inflamma-
tory conditions (Skinner and others 1991, Alsemgeest and
others 1994). However, a variable response or a complete lack
of a haptoglobin response has been reported in cows with
metritis (Smith and others 1998, Hirvonen and others
1999b). The cows with mastitis had lower serum iron and
higher fibrinogen concentrations than the cows with extra-
mammary inflammations (data not shown) and it is possi-
ble that the cows with mastitis had a more acute or more
severe inflammation.
The higher concentrations of acute phase proteins in the
milk from infected quarters could be due either to their pro-
duction within the gland or to their leakage across the blood-
milk barrier as a result of its disruption by the inflammation,
or to a combination of these mechanisms. It has been shown
that the permeability of the blood-milk barrier increases dur-
ing episodes of mastitis allowing serum proteins to gain access
to the milk (Shuster and others 1997). However, the demon-
stration ofserum amyloid A gene expression at several extra-
hepatic sites and of several cell types that can synthesise the
protein (Marhaug and others 1997, Vreugdenhil and others
1999), together with the recent identification of a unique iso-
form of the protein in normal bovine colostrum (McDonald
and others 2001), suggests that serum amyloid A may be
synthesised locally during episodes of mastitis. In a study of
clinical mastitis, Eckersall and others (2001) observed that the
concentrations of serum amyloid A in milk and serum were
not correlated and they suggested that this might indicate that
it was produced locally in the inflamed mammary gland. The
results of this study agree; whereas the concentrations of
haptoglobin in milk and serum were correlated, there was no
correlation in the case of serum amyloid A.
The extent to which acute phase proteins cross from blood
to milk (and vice versa) is not known. The fact that there was
an increase in the serum concentration of haptoglobin only
in the cows with mastitis might suggest that haptoglobin pro-
duced by the mammary tissue gains access to the blood
serum. However, the lack of a haptoglobin response by the
cows with extramammary inflammation may be explained by
a number of other factors.
It has been shown that in some cases acute phase proteins
appear in the milk of cows with clinical mastitis even before
the somatic cell count starts to rise (Hogarth and others
2002). In the present study, the milk concentrations of the
acute phase proteins increased significantly with increasing
CMT score, indicating that they may be valuable as an indica-
tion of severity. The diagnostic potential of measurements of
acute phase proteins in the serum of cattle is well documented
(Conner and others 1986, Alsemgeest and others 1994,
Karreman and others 2000), and the increases observed in the
concentrations of serum amyloid A and haptoglobin in the
serum and milk of cows with acute mastitis are in line with
several previous studies (Conner and others 1986, Hirvonen
and others 1996, Salonen and others 1996, Eckersall and oth-
ers 2001). Four of the cows with mastitis had very low serum
concentrations of both acute phase proteins, despite having
clinical signs of mastitis and high somatic cell counts.
However, three of them had high concentrations of serum
amyloid A in their milk and two had high concentrations of
haptoglobin. This apparent discrepancy between the clinical
findings and the serum and milk concentrations of the acute
phase proteins in these four cows may have been due to vari-
ations in the duration or the severity of the udder infection.
The results of this study suggest that measurements of the
concentrations of acute phase proteins in milk may be
useful in the online monitoring of udder health in robotic
milking systems.
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Clinicopathological findings in sheep
from Sardinia showing neurological
signs of disease
C. LIGIOS, A. VIGLIETTI, P. CARTA, G. DEXTER, U. AGRIMI, M. M. SIMMONS
Histopathological and bacteriological examinations were performed on 178 brains from Sardinian sheep
which were showing neurological signs. The sheep represented the total number of sheep with neurological
syndromes submitted for diagnostic investigations over a three-year period in Sardinia. Scrapie was
detected in 57 cases, cerebrocortical necrosis in 25, intoxication by a typical Mediterranean plant (Cistus
species) was suspected in 25, coenurosis was detected in 11 cases, Listeria monocytogenes in eight cases
and focal symmetrical encephalomalacia in six cases. Non-suppurative inflammatory changes were
observed in three of the brains and suppurative changes were noted in two. Lesions restricted to the spinal
cord were found in three cases. In the remaining 38 cases there were no significant neuropathological
changes.
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THE importance ofknowing more about nervous diseases in
sheep has been emphasised over the past few years by the
emergence of bovine spongiform encephalopathy (BSE),
which may have come from scrapie in sheep through feed-
ing cattle with meat and bone meal containing the scrapie
agent (Wilesmith and others 1991). Scrapie and BSE belong to
the family of transmissible spongiform encephalopathies
(TSES), and there is evidence that the agent of BSE is indistin-
guishable from the agent of variant Creutzfeld-Jacob disease
(Bruce and others 1997). So far, scrapie is the only neurode-
generative disease of the TSE group that has been found in
sheep and goats. However, the possibility that sheep could be
harbouring the BSE agent has aroused great concern about the
implications for human health of ovine TSES. Indeed, BSE can
be transmitted experimentally to sheep (Foster and others
1993), and preliminary studies indicate that the clinical and
neuropathological signs of experimental oral BSE infection in
sheep are not readily distinguishable from these described in
natural scrapie (Ligios and others 2002).
Since 1998, the health authorities of the EU (Decision
98/272/EC) have imposed surveillance planning for TSES on each
member state. For this reason, the clinical and pathological
signs of all nervous diseases must be assessed, particularly in
small ruminants. Owing to their minor economic impor-
tance, nervous diseases in these species have been less well
investigated than those in cattle, and there is a lack of clearly
defined clinical parameters for many neurological disorders.
However, such neuropathological investigations have great
economic implications for Sardinia, where there are about
3,500,000 sheep of the Sarda breed, the most widespread and
important dairy breed of sheep in Italy.
Nevertheless, there have been few surveys of neuropatho-
logical disease in Sarda sheep, and they have focused mostly
on slaughtered sheep, in which there is a low incidence of clin-
ical nervous diseases (Guarda and others 1979, Cerruti-Sola
and others 1981).
This paper reports the diagnoses recorded during three
years of diagnostic work in native Sardinian sheep showing
neurological signs.
MATERIALS AND METHODS
The brains of 178 sheep, three months to seven years of age,
from 126 farms, were examined between 1998 and 2001; they
were collected from all sheep clinically suspected of having
neurological disorders and submitted for diagnostic investi-
gations during the period 1998 to 2001 to the Istituto Zoo-
profilattico Sperimentale of Sardinia. Some of the sheep
arrived alive at the laboratory and were euthanased with a
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